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I 

PLEXmy SWAGE 



I 

The invoition relates to oilfield downhole operatioDs. More particularly^ the 
invcntioD relates to a swage device for reforming a defonnable junction in a deviated 
wellbore. 

As is well known to those of sidll inj fhe art, reformable deformed junctions 
have been known to the oilfidd ait Thebepefitof a deformed junctioQ is that the 
junction is easily transported ihrous}i Hit c^ng of a wdlboxe or an open hole wellbore 
Co its final destination at a junction betweesja primary and latecal borehole. Once the 
junction is properly positioned, it is reform^ into a Y-shaped junction to assist in 
completing the wellbore. In the fully lefonjied condition of the junction, the outer 
dimensions are general^ greats than the in^de diameter (ID) of the casing or open 



hole. Thus, of coiuse, it would be rather diflScult to instaU the juoction in its 
undefonned conditioiL Many methods have been used to lefonn tht defoimed junction 
in the borehole. One of the prior azt methods has been to employ a swaging device. 
Swaging devices generally comprise a conical or fiustoconical hardened member 
having an outside diameter (OD) as large as possible while being passable through the 
wellbore casing or the open hole. This swage is forced to travel through a previously 
positioned deformed junction ^Aiadby the junction is reformed into an c^icrational 
position. Wfaere the junction is located in a vertical or near vertical weQbore, setdown 
wd^t alone often is sufficient to generate the approximately 100,000 pounds of force 
required to reform the junctioiL Whore the defi>rmed junction is being placed in a 
hig^y deviated wellbore or a horizontal wellbore, however, setdown wd^ might not 
be sufficient to force the swage device dirough the junction. In diis event* one of skill 
in the art vdU recognize the hydraulic procedure alternative to setdown weight This 
hydraulic procedure includes an expansion joint located above the swage device^ a drill 
tube anchor located above the expansion joint, and a ball seat located below the 
expansion joint such that by dropping a ball, pressure can be applied to the tubing 
string. This applied pressure forces the expansion joint to expand downhole^ whidi in 
turn forces the swage device throu^ the junction. Expansion joints are well known in 
the art» as are anchors and ball seats. 

As also will be reeognized by one of ordinary doll in the art, there is a 
significant drawbadk to the prior art swaging devices. The metal ofthe junction has a 
certain amount of resilience such that after die swage device has been forced through 
the junction» refonnxng the same, the junction itself will rd>ound to a smaller ID fl»n 
the OD ofthe swage device by several tibousandths of an indL Because ofthe rebound 
it requires nearly as much lifting force on the swage device to remoye it from the 
wellbore as is needed to initially force the swage through the deformed junction. This 
can be as mudi as 100,000 pounds. Alftougli a drilling rig can easily pull ten times this 
wei^t, in a hi^y deviated or horizontal wellbore, die fiiction created on the curvature 



of Ifae well caD be hii^ enough to absofb al][of tbe force imparted at the surfiice and 

leave none available for ttie swage. Thus, t&e tool is stack. The amount of fotce 

necessaiy to puU the swage doough the newly refonned junction can also be su£Bcient 

to damage odier well tools or junctions. Sufh damage can ofcourse cost significant 

sums of money to repair and require signifi(}ant time both to diagnose and to repair. 

Thus, die art is in need of a swage device thjit does not cany the drawbai^ of the 
art 

The above-identified drawbacks of t^c prior art are overcome or alleviated by 
the flexible swage device of Ibe invention. ; 

The invention avoids the above set fi^rth drawback by creatiz^ a two-part swage 
device comprismg a $iq>port and a swage c^>. Tbe stqiport is engaged with tiieswagp 
cup daring die swBg^ig operation. Tbe swa^e cup is moveable such diat after tiie 
swaging operation is complete, the swage cu^ can be moved to aposition where it is 
unsupported by the siqjpoxt and is therefore fliowed to deflect several tbousaodlfas of an 
inch toward the mandrel. This deflection wi|l significantly reduce drag on iho swa\ge 
cMp through the refomicd junction (and any ^ther junctions uphole of the subject 
junction) during removal of tbe swage devic^ from the wellbore. In an alternate 
embodiment^ the swage cup contains longitujlinai slots cut into it to impart increased 
flexibility characteristics to the swage osp. ihe flexible swage device of the inventioa 
is employable in place of a conventional swa^, the junction of which being fiilly 
assimilated in die invention. \ 



Referring now to tiie drawings wherein like elements are numbered alike in the 
several FIGURES: 

FIGURE 1 is a side view of the invention in the swage position; and 



FIGURE 2 is a side view of fte mventioii wbmm <he swage cup has been 
sheand to a second position, which is the retrieving position; 

FIGURE 3 is a cross section view of a second embodimeot of the jnvaition; 

FIGURE 4 is a perspective view ofibe swage ciq); and 

nCURE 5 is a perspective view of an alternate eoAodimcnt of die swage cup. 



Referring to Rgute 1. a flexible swage in the swaging positioo is shown 
generaUyatlO. The invention is ilhisliated mounted on a niandrd 11 by a regular 
toeaded connection IZandaplurahtyofsetscrews 14. Each set acrew 14 is received 
inagroove 16. the ooniWnation of which with screw thread 12 prevent 
s,q,poftl8. Supportl8ispreferablyaftusloconicalannulardenientofa6inglepiece 
althottghmultiplepiecescouldbeusedtoachiervetheresultoffteinventioo. Support 
1 8 is provided with at least one port 20 (ipreferdibr $ev«ri poiU 20) that erits s^^ 
18 uphole of a point of contact of flia awage device with the iiBW wall of a junction 
being deformed (not shown). P«rt20alsointer5ects.bore 22 of which there may be 
several and prefefablywiUbeas many as there .reports 20. which extoHlatbtongh 
support 18 to adownholeend24thereo£ Bore22isopcnloamw.larspace26as - 
iUusUated. AsshouldbeunderBtood,theremaybeseveralbores22thatopenmto 
annular space 26. Support 18 can be seen in the drawing (Figure 0 to matingly receive 

and support a swage tneinber 27. 

Referringnow to Figure 4. one embodiment ofthe swage member ofthe 

tavcntionisshownKpanielyftomothacompooentsofthei^^^ Theswage 
member is nnmeraDed 27. Swage mcB*" 27 comprises a swage cup 28 and a swage 
baseSOandisafiustoconicalamBilardementpieferablyofaringleplece. Alternately. 
m«ltiplepiecesceuldbeusedtofoimswagpmembcr27. In either case, swage cup 28 
extends upwaidlyandoutwaidlyfiomswagec«pbase30. A hole 29 extends axially 
toou^ swage cnp 28 and swag^ cupbase 30 and is of a size sufficient to allow swage 
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member 27 to receive mandrel 1 1. An v|>^lc end 33 of swage cup 28 is substantially 
hollowed out and configured to matin^y ^ocommodate support 1 8, thefdiy preventing 
the deflection oftfae outer perimeter of8wigectq> 28 towaidmaodid 11. * 

Turaiog now to Figure 5, an altem^e embodiment of swage monber of the 
invention is aiustratedgoieraUy at 227, Tjusalteraatefmbodinicntconqwises swage 
c\^> 228 and swagpci?) base 230. Swage <Jup228isstillofagcnefaDy ftustoconieal 
shape and is sriU preferably fabricated firo^ a sii^e piece of material as in the previous 
embodiment However, swage cup 228 cojitains aphnaGty of longitudinal slots 235 cut 
therein and extending toward swage cup bise 230. Slots 235 render swage cup 228 
more flexible than the first dcscaibcd embojdini«it. The greater flexibiHty, it wiUbe 
understood, is due to the kcrfwidth of slot^ 235. Since it is possible duriqg 
compression of swage cup 228 to •^close** tjie tef of slots 235, a greater reduction in 
the outadc diameter of swage cup 228 is a(}hicvable. Slots 235 make retrieval of die 
tool easier without compromising the swaging action of the tool in the first mstance. 

Referring back to Figure I, swage ciip base 30 includes bore 32 open on a 
downhole end 34 of swage cup base 30 to ^e wefl fluid downhole of a contact area 31 
of swage cup 28 with the inside dimension pf a dcformable junction 33 (shown in 
phantom lines). Bore 32 extends to an uph^le end 36 which communicates with 
annular space 26, Annular space 26 rasurej communication between bore 32 and bore 
22 thus cflFccting through-passage of well fljiids ftom below contact msL 31 of swage 
cup 28 with the inside dimen«on of deformabic junction 33 (effectively a mctal-to- 
metal seal) to the ouUet of port 20 above contact point 31. A means for fluid flow 
(such as bore 22) thiou^ swage 1 0 is neccsjsaiy to provide an outlet for the build up of 
flmd pressure downhole of swage cup 28. By providing a bore through swage cup 28, 
the conditions allowing for the formation of'this hydraulic lock under swage cup 28, 
which wottM otherwise hinder and possibly prevent movement of swage 10 through the 
junction, are defeated* j 

Swage osp 28 and swage cup base 3^ are located on mandrel 1 1 by shear screws 



38 only. Swage cup 28 and swage cup base 30 are preferably a single annular 
convoncmtbat is sUdeable along mandrel U. Tlierefijrc, some means of holding 
swage cup 28 and swage cup base 30 in the swaging position on s\^ipott 18 is needed 
for die invention to function as intended. One cmbodimeot of such means is through 
Ihe use ofshear screws 38. which are received in groove 40. It wiU be recognized by 
one of ordinary skiU in the ait that since shear screws 38 are the only means in this 
embodiment which hold swage cup 28 and swage cop base 30 in place, swage cup 28 
and swage cap base 30 may rotate 3W around mandrel 1 1 relatively fieely. The 
sipiificance of annular space 26 then is to ensure that bore 32 is in fluid 
commiinkation with bore 22 regardless of the orientation swage cup 28 

base 30 have relative to support 18. 

In the condition shown in Figure 1. one of ordinary skill in the art wiU 

appreciate that as swage 10 is forced downhol^ it wiU quite effixstivdy 
deformed junction similarly to prior art swages. Once the refbrmadon is complete and 
it is desirable to remove swage 1 0 fiom the wdlbote, an upward puD is necessary. 
R«fening now to Figure 2. upon puffing the tool in the upward diroction.ap«^^ 

swage cup 28 will contact the inner walls of the junction due to the resilience of the 
juncUonasdiscussedheiembefecc. The pressure on point 42 wiUtaid to prevent swage 
lOfrommovingupholc. This foice is translated thiou|Ji wage cup 28 and swage cup 
base30toscrews38.whichwiUthenAearundejthalfiMce. One ofsldUm the art will 
recogniie that the particular amount of force required to shear screws 38 is 
eogineerable in advance and should be matched to an appropriate amount offeree to 
indicatethatwithdiawaloftheloolisdesired. Upon shearing ofscrews 38, swage cup 
base 30 and swage cup 28 move dowiiboleuniadownhole end 34 ofswage cop base 30 
isincontactwithanupholeend44ofaswagestop46. H should be briefly noted at this 
point that swage stop 46 is connected to mandrel 1 1 via a regular thread 48 and a 
pluialityofsetscrcwsSO. Swage stop 46 farther includes an o-ring 52 to seal swage 
Stop 46 gainst mandrd U. 
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Upon shiAing swage cup 2 8 and swkgc cup base 30 downbole into contact wHh 
upliole eDd44 of swage ^op 46, a gap 54 is' foxmed between swage cup 28 and support 
18. Because of gap 54, contumed pulling op swage 10 causes swage cup 28 to deflect 
inward^ tDwaid inandiel 11 to a degree wluch is sufiBdeot to alk>w swage me^^ 
to slide throu^ flie junctioQ. The deflectia^ of swage cup 28 is typically several 
thousandths of an indi. G^54maybeas4nallassevmltbon8anddisofaninch.orit 
maybelarger. Thedeflecti(mof8wage28 will nicrdy be what is necessaiy for swage 
10 to move duough the junction at a signifi^tly reduced force as it is being 
withdrawn from the well. 

In a second erobodicnent of the invoition, referring now to Figure 3, the genoal 
mode of operation of the swage remains the^same. but the way in which i^ 
is slightly different Since each of the comppnoils of this embodiment is sli^y 
diffaat flian each of tbw counterparts m tl)e first described embodiment, new 
numerals are used for eadt 

A mandrel 1 1 1 sqqKVts a swage 1 1 0^ which is activated tfarou^ the movement 
ofmandrellU. h the running position (diqwnX a swag^ririgsiqppM 
position to support a swage ring 116* Both sjwage ring support 114 arid swage ring 116 
in this embodiment "^oaf ' on mandrel 1 1 1 ^-e., they are not attached to mandrel 1 1 1). 
At the tqphole end of mandrel 111, swage rii^ su^Mrt 1 14 is prevented fiom moving 
furtfaenq»holebyaretairungringll8. Reta^UQg ring 11 8 is tfareadedly connected to 
mandrel 111 byathread 120 and prevented 4t)mmovir^ on thread 120 by at least one 
set screw 122, which is received in a gioove 124. In a preferred embodiment, mandrel 
1 1 1 is lumed down" to form a shoulder 126;extending to the downhole end of swage 
1 1 0 and is configured such that retaining rin^ 1 1 8 firmly abuts shoulder 1 26. 
Configuring mandrel 1 1 1 to contain shoulder' 126 provides more annular space between 
the 'turned down" surface of mandrel 1 11 anjl the borehole or junction so that diicker 
swage components may be used. The '*tum ipmT of shotdder 126 also lends extra 
stability to retaining ring 1 18. 



I 



Swage suppoit 1 14 abuts retaining ring 1 18 at interface 130 and includes fluid 
b]rpassl32. Support for swage ring 116 is along intexfece 134. Asaunit, siqtport 114 
and swage ring 116 function as their counterparts did in tbc previous anbodimcnt and 
indeed as do those of&e prior art to rcfonn a dcfonned junction. It is with the recovery 
of swage 1 1 0 that its unique construction is evident and beneficial. It should be noted 
diat swage ring 116 includes at least one fluid bypass conduit 138 fliatoonrniunicates 

with an annuhis 140. 

Downhole of swage ring 116 is a shear ring 142. Swage ring 1 16 abuts shear 

ring 142 at interface 1 44. Shear ring 142 is prevented ftom longitudinal movement on 
mandrel 1 1 1 by a plurality of shear screws 146, which extend into groove 148 on 
mandrdlll. Shear ring 142, together with retaining ring 118, naaintainss^ 
support 114 and swage ring 116 in the operative running and reforming position. It 
should be noted that dots 150 arc provided on both the uphole and downhole ades of 
shear ring 142 in a preferred embodiment While only the uphole end of shear ring 142 
requires slots 1 50 to allow fluid bypass, placmg slots 1 50 on both ends aroids flie 
possibility that swage 1 10 might be assembled backwards. 

At the downhole end of swage 1 10 in Fiffire 3 (ia.. the right side of Ac 
drawing), a dual fiuKtioa nose swage 152 is threadcdly atto 

thread 1 54 and locked in place by at least one set screw 1 56 recdved in groove 1 58. 
Nose swage 152 acts to prevent diear rii« 142 fiom falling off the end of 
after shear screw(6) 146 aie sheared and also acts as a prenefornui^ sw 

tightly deformed junctions. 

hi the <q)crational condition, with diear saew(s) 146 intact, the space between 
i^hole end 160 of nose swage 152 and downhole end 162 of shear ring 142 is 
preferably sufficient to allow foil shearing of shear screw(s) 146 by displaccmem of 
shear ring 142 in the downhole direction before the noted surfaces to^^^ Thisprevcnts 
apartial shearing condition whidi may invede perfonn^ 
shearing* however, should not completely prevent swage 110 fiom performing. 



Once swage 110 has been fiDicedth|ougb the junction being re^^ 
withdrawn or pulled iq>hole. In Ac event dial the swage aiwunttts significant 
resistance, the features ofthemvcntionwilj be set m Since both the swage rini 

support 114 and swage ling 11 6 are not ooi(necled to mandrel HI, resistance ^vidcd 
bytfaedefinrmedjuiictionistianslateddirecbyto^^ Ata 
predetennined amount offeree, 8Ciew(s) l46 win shear and allow mandrel 1 11 to move 
iq>hole. At this point, sq^port 114 has not Ijceoniovedtelati^ 
Thus, die frictional engagement tiiotbeCwefD is rendered indqiendent and not 
cumuladve with feq>cct to the amount of f<^ necessary jjpou 
the movement of mandrel 111 upbole, a sodp ring 164 imptt:ts a shoulder 166 on 
support 1 1 4 and will move nvpoit 1 14 out pf its siqxport position under swage riog 
116. This, as in the previous enibodimen^^ows swage ling 116 to flex, t^ 
aDowing swage 110 to be retrieved. Iiapiacjice,<hedisengagenieatofsupport 114 with 
swage ring 1 16 is assisted by a jairii« actiof duit oomtially itsn 
shear of 8crew(s) 146, it8hoddbenoted»bi>wever,ihatastr2i8^pullonswi£ell0 
wouldalsodislodgpsupportll4fiomswageringll6. Thejammingacdonisalikefy 
modeofopctation;however,itisnotarequ}rcdmodeofoperation* Overcomii^ the 
fiiction generated by fl ex tble swage ring 1 1 $ bemg urged into contact with si^pott 1 1 4 
as a result of contact between the swage lin^ 1 16 and inner walk of the junction is all 
that is necessary. After shearing, swage riQg 116 and shear ring 142 will rest on nose 
swage 152 while support shoidder 166 wOl^ on snqjrii^ 16^^ In this condition, 
support for swage ring 1 1 6 is not available ipd it b fiec to flex allowing swage 1 1 0 to 
be recovered from the junction. Conmionly^ the flexing that will occur is into a dight 
oval shape. 

It should be appreciated dial in both embodiments of the invention the shear 
release or other release nwchanism may not \k used m all conditions. Swage 10 may 
pull througji the junction without needing to^be flexible. Because these tools 
incorporate flie invention, the tools are rctricj\red whedier or not swage 1 0 gets stuck m 
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the junctioQ. If swage 10 does get stuck in the junction, shear screw(5) 146 wiU shear 
continued pickup of swage 10 and swage 10 will operate as hereinbefore described. 

While piefened embodiments have been shown and described, various 
modificadoos and svibstitations may be made thereto. 



CLAIMS 

i 

CLAM 1. Aflexible smgt for reformjing a defonned junction in a wdlbore 
conqnisii^ 
a suppoit kcatable on a mandrel; apd 

a sw^ member moveable on said pandiel into a position where said memb« 
is atppasM by said si^port and a positionjwbete said member U uosopported by said 
sufpon, said member being deflectable whjai in said unsiqipcHted position. 

CLAIM2. A flexible swags as dtimedl in Claim Iwheiem said swage member is 
icndend teo^onri^ anflesdbie by a defeatpUe emdition. 

CLAIM 3. A flexible swage as daimedjin Claim 2 whetdn said defeatable member 
is at least one shear sotew. 

CLAIM4. Aflexible$wageasclaimed^ClaimIt(4erBm8aid8W?geluither 
comprises a swago stop mouniable to said ipandiel. 

CLAIMS. A flexiUe swage as claimed^ Claim Iwherdn said flexible sw«ge 
further conqwises a flow path through said Aipport and s^^ 
pass dnouj^ sud flexible swage. 

CLAIM6. A flexible swage as daimedjn claim I wherem said swage member 
comprises a substantially fiustoconicaUy-shaped dement having a hole disposed axially 
therethtough. said hole bdqg dimensioned t^ receive said mandrd flieiethiDugh. 
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CLAIM 7- A flexible swage as claimed in claim 6 wherein said swagje member 
contains a plurality of slots longstudinaDy disposed therein, said slots imparting 
fiexibility characteristics to said swage monber. 

CLAIM 8. A flexible swage as claimed in claim 7 wherein said swage member is 
foimed firan a single piece of material, thereby making said base portion and said 
longitudinal elements a nngle contiguons member. 

CLAIM 9. A flexible swage as claimed in Claim 1 whercan said flexible swage 
further includes: 

an expansion sub located along said mandrel iqdiole of said swag^ membo; 
an anchor uphole o f said expansion sub; and 

a ball seat located internally of said mandrd and downhole of said eacpandon 

siib. 

CLAIM 10. A flexible swage as claimed in Claim 4 whetcb said stop is a pre- 
reforming swage. 

CLAIM 11. A method for refonnmg a dcfoimed jmictioa for a wcllbofe comprising: 
urging a swa«e member supported by a sqipott tiuougb add junctioI^ 
picking 19 on said swag^ 
defeating a defeatable member^ 
unsupporting said swag^ member, and 

widuhawing said swage member and said stippott from said wellbore. 

CLAIM 12. A method as claimed in Clann 1 1 wherein said method farther 
comprises deflecting said swage member. 
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CLAIM 13. Amethod as claimed in Cla|m 11 wherein said defeatiog is shearing. 

CLAIM 14. Amediod asclaimedinaa^ II whotm said defeating is a two step 
process. 

CLAIM IS. AmediodasclaimedinGaiin 14 vriiecein said two step process 

con^rises shearing and overcoming Mctioq between said s^ 

meosbcr. 

CLAIM 16. A medxKl as claimed in Claim 14 wherein said two stqis are 
indq)endent 
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